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METHOD OF WAFER CLEANING, AND
SYSTEM AND CLEANING SOLUTION
REGARDING SAME

RELATED APPLICATION

This is a continuation-in-part application of U.S. patent
application Ser. No. 08/559.188 filed on 13 Nov. 1995, now
abandoned, and hereby incorporated in its entirety by ref-
erence.

FIELD OF THE INVENTION

The present invention relates to wafer cleaning or etching
methods used in the fabrication of semiconductor devices.
More particularly. the present invention pertains to methods
of removing native oxide on the wafers in the fabrication of
semiconductor devices while controlling the etching of other
regions of the wafers. Further, the present invention relates
to solutions and systems with regard to such methods.

BACKGROUND OF THE INVENTION

A large variety of thin films are used in the fabrication of
semiconductor devices. The uniformity of a wafer must be
tightly maintained throughout the entire fabrication process
in order to allow increasingly fine and microscopic geomet-
ric features to be precisely formed. Every layer deposited on
the top surface of the wafer that possesses irregularities and
variations in its uniformity has an adverse effect during
subsequent processing steps that the wafer undergoes. Uni-
formity of the layers is a critical factor in semiconductor
wafer production. It is. therefore, important that the wafer
surface be as clean as is technically possible before each
fabrication step in order to obtain the precision and high
yields in semiconductor fabrication. To accomplish these
fabrication goals, wet process wafer cleaning and/or wet
etching procedures are carried out prior to many of the
process steps.

When a silicon wafer is chemically cleaned prior to a
furnace or baking step, a widely used cleaning technique
includes the RCA method or RCA clean (RCA Review, pp.
187-206 (June, 1970)). The conventional RCA clean is, for
example, conducted at high temperature and includes use of
a first cleaning solution, Standard Clean 1 (SCI) consisting
of a dilution of ammonium hydroxide/hydrogen peroxide
(NH,OH/H,0,) followed by a deionized (DI) water rinse.
Then, a second cleaning solution, Standard Clean 2 (SC2)
which is a hydrochloric acid/hydrogen peroxide (HCL/
H.0,) dilution is used and a second DI water rinse is
performed. The RCA clean provides a chemical oxide pas-
sivated wafer surface.

Another wet cleaning method that has been recently used
as an alternative to the RCA clean is the Baker clean. The
Baker clean is a relatively short two-step process, instead of
the longer. for example. four step RCA clean. The Baker
clean uses a proprietary cleaner, JTB-100 (J. T. Baker
Microelectronics, Mallinckrodt Baker, Inc., Phillipsburg,
N.J.) and a single DI water rinse. The JTB-100 contains tetra
methyl ammonium hydroxide (TMAH) and is designed to be
used in conjunction with H,O,. The Baker clean appears to
have improvements over the RCA clean in terms of
simplicity, decreased impurity levels and chemical stability
in the cleaning bath.

There are also other wet cleaning methods utilized. such
as, for example, the Piranha clean which uses sulfuric acid
(H,S0,,) based mixtures. For example. the sulfuric acid may
be used with hydrogen peroxide.
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Although the above described cleaning techniques are
widely utilized, wet etching or surface conditioning of
silicon dioxide (SiO,) films in semiconductor fabrication
processes, is usually accomplished by hydrofluoric acid
(HF) cleaning, such as by immersion in HF solutions.
spraying with HF solutions, or treatment by HF vapors. As
is known to one skilled in the art, a thin oxide grows on
silicon when it is exposed to air. This thin oxide, known as
native oxide. can adversely affect subsequent fabrication
steps. The HF wafer cleaning removes the native oxide from
the surface and provides a hydrogen passivated oxide free
silicon surface which is desirable prior to many process
steps. The HF cleaning may be performed before, after. or
between cleaning steps performed with other solutions or
vapors, such as with the RCA clean. to remove native oxide
and provide a hydrophobic oxide free surface.

However. HF cleans, while etching native oxide. also etch
other commonly formed regions of the wafer. for example,
doped or deposited oxides such as borophosphosilicate glass
(BPSG) and tetraethylorthosilicate (TEOS) based oxides.
These other formed regions are etched too quickly relative
to the removal of native or thermal oxides for accomplishing
adequate process control and which may cause difficulty in
process integration. As the doping in deposited oxides
increases, the etching of such oxides occurs even faster
relative to native or thermal oxides, further increasing pro-
cess control problems.

In addition. with the use of cluster-based tools and
processes, the demand for in situ cleaning which is inte-
grated into a multi-purpose module for use in the cluster tool
increases. The use of HF vapor clean is a process that would
be beneficial for use in cluster tools. However, in the HF
vapor clean, the etching of thermal or doped oxides is even
faster relative to the etching of thermal or native oxide than
with the use of an HF solution clean.

Therefore, the etch selectivity ratio of deposited or doped
oxides to thermal or native oxide is considerably high and
inadequate in many circumstances when using conventional
HF clean methods and solutions/vapors utilized therewith.
Such ratios for HF vapor cleans have been shown to be as
low as 4:1 and 5:1 as described in the FSI “Technical Report
DC/DE-Dry Cleaning/Dry Etching,” FSI International,
Chaska, MN (1990). This article appears to indicate that
such ratios are achieved by changing the initiation of the
etch reaction using increased amounts of water vapor in the
HF vapor to initiate the thermal or native oxide removal
faster.

Further, the use of HF cleans also has the disadvantage of
providing poor wettability on the wafer surface and contrib-
utes to surface microroughness. With increasing fine geom-
etries and patterns fabricated into the wafers, as for example
with high aspect ratio contact holes, conventional HF solu-
tions are not as effective in cleaning the silicon surfaces at
the bottom of such patterns.

As described above, the etch selectivity ratio of two
different oxides is of importance when applying an etch
process to a wafer surface. This is of particular importance
when the objective is to remove small amounts of native
oxide. for example, from a silicon contact area or any other
active area, yet limit the etching of an adjacent oxide. such
as a deposited or doped oxide, which normally has a higher
etch rate than the naive oxide. Therefore, improvements in
the currently available cleaning processes are needed to
improve the effectiveness of the wafer clean, and particu-
larly to reduce the etch selectivity ratio of etching other
wafer regions, such as doped oxides, to the etching of
thermal or native oxides.
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SUMMARY OF THE INVENTION

A method of cleaning wafer surfaces in accordance with
the present invention includes providing a wafer surface and
cleaning the wafer surface using at least HF and an etch
reducing component. The etch reducing component is from
the group of (R),NOH wherein R=(C,-C, )alkyls. either
straight or branch chained, and further wherein each R is
independently a (C,—C,y)alkyl. Preferably. R is a (C,-C,)
alkyl and more preferably the etch reducing component is
one of tetra ethyl ammonium hydroxide (TEAH) and tetra
methyl ammonium hydroxide (TMAH).

A cleaning solution of the invention for use in cleaning a
wafer surface includes an H,O diluted HF solution and an
etch reducing component. The etch reducing component is
from the group of (R),NOH wherein R=(C;-C,,)alkyls.
either straight or branch chained, and further wherein each
R is independently a (C;—C,p)alkyl. Preferably, R is a
(C,—C,)alkyl and more preferably the etch reducing com-
ponent is one of tetra ethyl ammonium hydroxide (TEAH)
and tetra methyl ammonium hydroxide (TMAH).

A system of the invention for performing an HF vapor
cleaning process includes a vapor chamber for positioning a
wafer having a wafer surface and means for providing an HF
vapor to the vapor chamber. The HF vapor including an inert
carrier gas. an HF component. one of a water vapor or an
alcohol vapor. and an etch reducing component. The etch
reducing component being from the group of (R),NOH
wherein R=(C,-C,)alkyls, either straight or branch
chained, and further wherein each R is independently a
(C,—Cyo)alkyl, preferably a (C,—C,)alkyl. and more prefer-
ably one of tetra ethyl ammonium hydroxide (TEAH) and
tetra methyl ammonium hydroxide (TMAH).

Further, a cleaning solution and method of the present
invention includes and uses a basic aqueous solution con-
taining hydrofluoric acid (HF) and tetramethy! ammonium
hydroxide (TMAH). In one embodiment of the cleaning
solution and method, the HF contained in the aqueous
solution is in the range of 0.1% to 49% by weight and the
TMAH contained in the aqueous solution is in the range of
0.1% to 25% by weight.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A and FIG. 1B are general illustrations of a wafer
surface before and after cleaning, respectively, in accor-
dance with the present invention;

FIG. 2 is a graph showing the variance of contact angle
between a droplet of DI water and the wafer surface as a
function of dipping time in an aqueous HF solution;

FIG. 3 is a graph showing the variance of contact angle
between a droplet of DI water and the wafer surface as a
function of dipping time in an aqueous HF solution with
TMAH;

FIG. 4 is a graph showing the variance of contact angle
between various HF+TMAH test solutions and the HF
cleaned oxide free wafer surface as a function of the percent
of TMAH added to the various HF+TMAH test solutions in
accordance with the present invention; and

FIG. 5 is a general block diagram of an HF vapor
processing system having components of an HF vapor
provided thereto in accordance with the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present invention shall be described with reference to
FIGS. 1-5. the Examples, and the Tables provided herein.
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The present invention provides improved wafer surface
cleaning in the production of semiconductor wafers. Further,
the present invention provides for effective removal of
native oxide on a wafer surface leaving a hydrogen passi-
vated oxide free silicon surface on the wafer with improved
control of the rate of etching of other regions formed in the
fabrication of semiconductor wafers, for example, doped
oxide regions.

In accordance with the present invention, the cleaning is
performed with the use of two major components, hydrof-
luoric acid (HF) and an etch reducing component from the
group of (R),NOH wherein R=(C,-C,,)alkyls. either
straight or branch chained, and further wherein each R is
independently a (C,—C,)alkyl, preferably a (C,—C,)alkyl.
more preferably a C,alkyl or a C,alkyl. and most preferably
the C,alkyl. The etch reducing component including
(R),NOH wherein R=C,alkyl is tetra ethyl ammonium
hydroxide (TEAH) and the etch reducing component includ-
ing (R),NOH wherein R=C,alkyl is tetra methyl ammonium
hydroxide (TMAH).

A portion of a wafer 10 is shown in FIG. 1A prior to
cleaning or etching in accordance with the present invention.
The wafer 10 includes a substrate 12 which. for example, is
a silicon substrate. A film or layer 14 overlays the substrate
12 with an opening 20 defining an area in the substrate 12
which has native oxide 16 thereon. The film or layer 14 has
a thickness of T,. After etching in accordance with the
present invention, the portion of the wafer 10 is shown in
FIG. 1 B. The wafer includes the film or layer 14 which has
a thickness of T,, wherein T, is less than T,. The native
oxide 16 has been etched or removed by the cleaning process
and the hydrophobic oxide free silicon surface 18 results
therefrom.

As illustrated by the FIGS. 1A and 1B, during the cleaning
or etching process of removing the native oxide 16 from., for
example, an active area of the wafer 10, the cleaning process
also etches the film or layer 14 resulting in the thickness T,
that is less than T,. The etching of the film or layer 14 too
quickly relative to the removal of native oxide leads to
inadequate process control and causes difficulty in process
integration. Therefore, the etch selectivity ratio of two
different layers or surfaces is of importance when applying
an etch or cleaning process to a wafer surface. This is of
particular importance when the objective is to remove small
amounts of native oxide, for example, from a silicon contact
area or any other active area, yet limit the etching of an
adjacent oxide, such as a deposited or doped oxide, which
normally has a higher etch rate than the native oxide. The
present invention provides an etch selectivity ratio of less
than 4:1 for a doped/deposited oxide:thermal/native oxide
etch. Further, the present invention more preferably provides
an etch selectivity ratio of less than 2:1 and moreover, has
provided an etch selectivity ratio as low as about 0.5:1 for
a doped/deposited oxide:thermal/native oxide etch in which
more thermal or native oxide is etched than deposited or
doped oxide.

Cleaning in accordance with the present invention pro-
vides effective removal of the native oxide 16 and hydrogen
passivation of the silicon surface 18 on the semiconductor
wafer 10 while controlling the etch rate of the film or layer
14. The film or layer 14 may be any deposited oxide or
doped oxide, such as. for example, tetraethylorthosilicate
(TEOS) based oxide, BPSG, phosphosilicate glass (PSG).
borosilicate glass (BSG); may be spin on glasses (SOGs); or
may be any other material or wafer region which when
subject to a conventional HF clean (without the addition of
an etch reducing component as described above) would have
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an etching rate that may be beneficially reduced in accor-
dance with the present invention.

Cleaning in accordance with the present invention includ-
ing the use of the two components, hydrofiucric acid (HF)
and the etch reducing component, can be performed in
various different manners. For example, dipping or immer-
sion of the wafer in a solution including these components
may be utilized as described further below or cleaning with
an HF vapor as described further below may be utilized.
Further. any other method of cleaning the wafer may be
utilized without departing from the scope of the present
invention as defined in the accompanying claims. For
example, other such methods may include centrifugal spray-
ing and high pressure spraying with the cleaning solution in
accordance with the present invention. Further, the methods
described herein including the use of HF and an etch
reducing component may of used in conjunction with other
techniques, such as. for example, spinning the wafer during
the clean. ultrasonic energy, or any other techniques utilized
by one skilled in the art of cleaning wafer surfaces.
Moreover, cleaning in accordance with the present invention
can be combined with other cleaning methods and used with
other cleaning solutions. whether before, in between or after
such methods or solutions are used. For example. it can be
utilized with a sulfuric acid/hydrogen peroxide. or “piranha”
clean. or could be used after an RCA clean which may end
in a surface having a native oxide thereon.

The remainder of the description shall be with reference
to the more preferred etch reducing component, TMAH.
However, it should be readily apparent to one skilled in the
art that the parameters. conditions. and description with
regard to TMAH would be relevant to the use of the other
etch reducing components as set forth generically above.

A wafer cleaning solution and method of using the
cleaning solution shall be described in further detail with
particular reference to FIGS. 2-4. Examples 1 and 2. and
Table 2. The semiconductor wafer cleaning solution of the
present invention and the method of using the cleaning
solution in accordance with the present invention includes
the components previously mentioned, HF and an etch
reducing component, preferably TMAH. The cleaning solu-
tion and method of this invention provides effective removal
of the native oxide layer and hydrogen passivation of the
surface on a semiconductor wafer while controlling the etch
rate of other wafer regions. such as, for example, oxide
regions. in particular doped or deposited oxides including
BPSG. TEOS. and also thermal oxides.

The cleaning solution may be used at relatively low
temperatures, preferably from 100° to 40° C.. more
particularly, from 15° to 25° C. At such temperatures, the
cleaning is effective and long lasting. In contrast, it has
traditionally been the practice to utilize high temperatures,
for example from 60° C. to as high as 105° C., at which
temperatures the process is more costly and requires addi-
tional equipment and monitoring. If desired, the cleaning
solution of the present invention can be used at the higher
temperatures used in the traditional methods, but those
temperatures are not required for this solution to be effec-
tive.

The time required to treat the surface of the wafer for
native oxide removal and hydrogen passivation can be
adjusted and controlled by varying the concentrations of HF
and TMAH in the solution, within the specified ranges for
each of the two constituents. Additionally, the etch rate of
other oxide regions of the wafers can likewise be controlled
by varying the HF and TMAH concentrations in the cleaning
solution.
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In the HF cleaning, the native oxide on the silicon must
be removed quickly and ended with a hydrogen passivated
surface at the active areas of the wafer. An end result of a
successful HF clean of the wafer is a hydrophobic wafer
surface. The indicator used to measure removal of the native
oxide and establishment of a hydrogen terminated and
hydrophobic surface is the contact angle between a droplet
of DI water and the wafer surface. When the contact angle
between a droplet of DI water and the wafer surface is 70°.
itis considered that the surface is free of the native oxide and
possesses a hydrogen passivated surface.

An improved wettability by the cleaning solution on the
active areas of the wafer in the HF cleaning step is needed
for better cleaning performance. The indicator used to
measure wettability is the contact angle between a droplet of
the cleaning solution and the HF cleaned oxide free surface.
Increased wettability of the wafer surface is indicated by a
decrease in the contact angle.

In the present invention, a wafer with a native oxide layer
is treated with a cleaning solution including HF and TMAH.
The HF concentration of the aqueous cleaning solution can
range between 0.1% by weight to 49% by weight and still
provide effective removal of the native oxide and surface
conditioning of the wafer. It is preferred that the HF con-
centration be less than 40% by weight., more preferably in
the range of 0.3% to 20% and further more preferably in the
range of 0.4% to 5% by weight.

Further, the use of TMAH may be beneficial for use in
buffered or other HF based solutions. such folutions may
include a dilute solution of HF buffered with, for example.
ammonium fluoride (NH,F) commonly referred to as a
buffered HF solution (BHF). also called a Buffered-Oxide
Etch (BOE) solution.

With respect to TMAH, the TMAH concentration in the
cleaning solution can range between 0.1% and 25% by
weight and still control the etch rate of wafer regions such
as. for example, BPSG, TEOS and other thermal. doped or
deposited oxides. It is preferable that both constituents, the
HF and the TMAH used be of electronic purity grade or
better.

The cleaning solution of the present invention and method
of cleaning using the cleaning solution shall be further
described by way of illustrating Examples 1 and 2 with
reference to the FIGS. 24.

EXAMPLE 1

In this Example 1, the rate of etching of BPSG and
thermal oxide was compared between a diluted HF test
solution and an HF dilution with TMAH test solution when
a wafer was dipped in the test solutions for 2 minutes. The
rate at which material is removed from the surface film by
etching for the two surface types, BPSG and thermal oxide.
is referred to as the etch rate and is reported in Table 1 in
angstroms per minute (Afmin). It was found that the etch
rate could be controlled by adjusting the TMAH concentra-
tion in the solution. The etch rate for BPSG in the diluted HF
test solution without TMAH as shown in Table 1 was 378
A/min. The etch rate for thermal oxide in the diluted HF test
solution without TMAH was 36 A/min. The BPSG and
thermal oxide etch rate continually decreases with increas-
ing concentrations of TMAH. The etch rate for BPSG in the
HF test solution with 2% TMAH as shown in Table 1 was
only 19 A/min. The etch rate for the thermal oxide in the HF
test solution with 2% TMAH was reduced to 10 A/min. In
this Example 1, the BPSG etch rate is reduced about 20
times, and the etch rate ratio of BPSG:thermal oxide is
significantly reduced from 10:1 to 2:1.
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In addition. in this Example 1 the contact angle between
a droplet of DI water and the wafer surface as a function of
dipping time was also measured and is reported in the graphs
in FIGS. 2 and 3. The wafers with the native oxide on the
surface are dipped in a 100:1 H,O:HF solution wherein the
HF concentration is 0.49% by weight (FIG. 2) and are
dipped in a 100:1 H,O:HF/TMAH (2%) solution wherein
the HF concentration is 0.45% by weight and the TMAH is
2% by weight (FIG. 3), for 10. 20, 30. and 60 seconds, and
followed by DI water rinse and wafer drying. After the
drying, the contact angle of a droplet of DI water on these
wafers is measured. In comparison between the HF solution
without TMAH and the HF solution containing TMAH, the
rate of native oxide removal, as indicated by the contact
angle of the DI water droplet. is slightly decreased in the
HF+TMAH solution, but still very fast. A completely hydro-
gen passivated surface is obtained within a 1 minute dipping
time.

TABLE 1
BPSG Thermal Oxide
100: 1H,0:HF 378 A/min 36 A/min.
100:1 H,O:HF + 2% TMAH 19 A/min. 10 A/min.
EXAMPLE 2

In this Example 2, the contact between a droplet of an
HF/TMAH cleaning solution and an HF cleaned oxide free
wafer surface was measured and is reported in FIG. 4. The
contact angle of the cleaning solution droplet is reported in
the graph in FIG. 4 as a function of the percent of TMAH
added to each HF test solution. Five different concentrations
of TMAH were added to a 100:1 H,O:HF solution wherein
the HF concentration of solution is about 0.5% by weight
and the contact angle for a droplet of the cleaning solution
on the wafer surface was measured for each of the solutions.
The five concentrations of TMAH that were added to the
100:1 H,O:HF solution were 0.0%. 1.25%, 1.67%, 2.5%.
and 5.0%. The contact angle between the HF cleaned wafer
surface and the HF/TMAH test solutions decreased with
increased percent of TMAH added to the solution. These
results, showing a decrease in contact angle, indicate that the
HF/TMAH cleaning solution of this invention improves the
wettability of the cleaning solution on the wafer surface.

An HF vapor cleaning method and system for performing
such method shall be described in further detail with par-
ticular reference to FIG. 5, Examples 3-11 and Tables 2-10.
A general block diagram of an HF vapor processing system
30 is shown in FIG. 5. The HF vapor system 30 includes a
process chamber 32 for locating a wafer 10 for cleaning. The
wafer 10 may be positioned upon a unit 34 for providing
rotation to the wafer as it is being cleaned. An HF vapor is
provided to the process chamber 32 by an inlet designated
generally by arrow 31. The HF vapor is provided from vapor
source 36, which includes a source for HF 40 such as a
cylinder of anhydrous HF, a source for water vapor 42 such
as deionized water. and a source for a carrier gas 38 such as
nitrogen (N).

A typical HF vapor clean system is the gas processing
system available under the trade designation, Excalibur,
from FSI International, Chaska, MN. This system is, at least
in part, described in U.S. Pat. Nos. 4,749,440 and 4.857.142
incorporated herein by reference thereto.
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Water vapor and HF can be delivered to the processing
chamber 32 cither separately or together. The water vapor
can be provided to the processing chamber 32 by passing a
carrier gas over a container of deionized water at a particular
rate. Thus, the amount of water vapor utilized. particularly
at the start of the etch, can be controlled by the flow rate of
the N, and temperature used for vaporization of the water.
It has been reported that to initiate etching of both native
oxide and a doped or deposited oxide at approximately the
same time and rate, and thus reduce the doped/deposited
oxide:thermal/native oxide etch selectivity ratio, a relatively
large concentration of water vapor at the start of the etch, for
example, greater than 2000 ppm of water vapor in the HF
vapor, should used. This is reported in the FSI “Technical
Report DC/DE-Dry Cleaning/Dry Etching.” FSI
International. Chaska, MN (1990).

The source for providing TMAH in the HF vapor may
include providing an amount of TMAH on the anhydrous HF
for deliverance to the process chamber 32. Further, the
source may include adding an amount of TMAH to the
deionized water. as represented by block 42, and delivering
the TMAH with the water vapor as the N, is passed over the
deionized water/TMAH mixture. The TMAH may be pro-
vided to the HF vapor clean prior to delivery of water vapor
or after. An illustration of the timing of the HF vapor clean
may include starting the water vapor and allowing to
stabilize. adding the TMAH and allowing to stabilize and
then injecting the HF. As an alternative to the use of water
vapor in the HF vapor clean, an alcohol vapor could be
substituted therefor as is known to one skilled in the art.

It should be readily apparent to one skilled in the art that
various modifications and alternatives for the provision of
the HF vapor to the vapor chamber and the processing
system in accordance with the present invention are con-
templated as defined in the accompanying claims. For
example. the carrier gas may be any inert gas, the HF may
be anhydrous HF or diluted HF solution. various heating
elements may be used with the system, etc. Further for
example, various alternatives are given in the U.S. Patents
listed above and are incorporated herein by reference.

From the data of the Examples and in the Tables below,
a suitable recipe for performing a selective HF vapor etch of
native oxide while maintaining control of the etching of, for
example, adjacent doped oxides, may include providing an
HF vapor to the vapor chamber that includes: providing a
water vapor at a rate in the range of about 1000 sccm to
about 10.000 sccm with an amount of TMAH therein greater
than about 0.01 ppm to about 10% by weight of the vapor;
providing an amount of anhydrous HF at a rate in the range

" of 20 sccm to 500 sccm; providing a carrier gas, N, at a rate
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of about 1000 sccm to about 10.000 sccm; and performing
the etch for a time period in the range of about 1 seconds to
about 300 seconds. The water vapor flow should be per-
formed so as to have a water vapor in this range immediately
at the initiation of the etch such that native oxide removal is
performed substantially at the same time astetching of the
other regions, such as the doped oxide regions.

Preferably. a suitable recipe for performing the selective
HF vapor etch of native oxide while maintaining control of
the etching of, for example. adjacent doped oxides. may
include providing an HF vapor to the vapor chamber that
includes: providing a water vapor at a rate in the range of
about 3000 sccm to about 5000 sccm with an amount of
TMAH therein greater than about 1 ppm but less than about
500 ppm; an amount of anhydrous HF at a rate in the range
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of 150 scem to 400 scem; a carrier gas. such as N,, at a rate
of 1000 sccm to about 10,000 scem; and performing the etch
for a time period in the range of about 3 seconds to about 30
seconds.

In each of the following Examples 3-11. 8" test wafers
were etched using an FSI Excalibur 200 mm gas processing
system available from FSI International. Chaska, MN. The
general recipe used for each Example included a 3750 scem
water vapor flow, a 5000 sccm N, flow. a 220 sccm HF, a 5
sec pretreat, and an 11 sec etch time. This recipe is appli-
cable for each Example and the Examples differ from this
general recipe only where so specified in the Example itself.

The test wafers include wafers having thermal oxide
surfaces and BPSG deposited surfaces. The BPSG surfaces
include about 3.6% B by weight and about 6.6% P by
weight. The deposited BPSG was densified or reflowed by
standard furnace techniques. for example, at about 700° C.

10

TABLE 3
Wafer # mean min max std dev range
Thermal-1 542 519 580 3 61
Thermal-2 581 555 609 2.8 54
BPSG-1 335 5 1086 83 1081
BPSG-2 293 23 801 53 778
EXAMPLE 5

This Example 5 included running four wafers. 2 BPSG
and 2 thermal oxide, in the processing system and at the
conditions described above. The results are shown in the
following Table 4.

for about 30 minutes. The wafers having thermal oxide at the TABLE 4
surface were prepared in a conventional oxidation furnace. 20 Wafer # mean  min max std dev range
The 5 second pretreat performed included pretreating the
surfaces with a flow of water vapor at about 3750 scem and %ﬁ:; :g? igé :;’? :‘g %
a flow of N2 at about 5000 sccm. BPSG-1 346 18 1099 70' 1081
In each of the Examples 3-9, TMAH was provided in the BPSG-2 388 ! 1192 " 191
HF vapor to the process chamber of the FSI Excalibur %
system by filling the vapor chamber of the system with 25%
TMAH. The N, carrier was then passed over the vapor EXAMPLE 6
chamber to pick up the water vapor and TMAH. Because of
the vapor pressure of TMAH relative to water, the TMAH in 20 This Example 6 included running four wafers, 2 BPSG
the vapor flowing from the vapor chamber included only ™ apd 2 thermal oxide. in the processing system and at the
about 0.1 ppm to about 100 ppm. conditions described above. The results are shown in the
In each of the Examples 3—11. measurements were per-  following Table 5.
formed after a DI water rinse and drying and at 49 locations
across the wafer, with the minimum, maximum, and mean 35 TABLE 5
etched thickness recorded in the Table for cach Example in )
angstroms (A). As all the etches were performed for 11 Wafer # mean min  max  stddev  range
seconds. except for Example 9, ratios of etched thickness are Thermal-1 365 342 399 4 57
directly comparable to etch rates. The range and standard Thermal-2 382 334 415 5.5 81
deviation for the wafers was then calculated and also 4 ggg:; g‘;‘; 33 lgﬁ ;g lggg
reported. The following tests described in the Examples
were run sequentially starting with Example 3 and ending
with Example 11.
EXAMPLE 7
EXAMPLE 3 45
This Example 7 included running four wafers, 2 BPSG
This Example 3 included running four wafers, 2 BPSG and 2 thermal oxide, in the processing system and at the
and 2 thermal oxide, in the processing system and at the conditions described above, except that a 110 sccm HF flow
conditions described above. The results are shown in the was utilized rather than the 220 sccm flow. The results are
following Table 2. so shown in the following Table 6.
TABLE 2 TABLE 6
Wafer # mean min max stddev  range Wafer # mean min max std dev range
Thermal-1 296 261 337 7.1 75 55 Thermal-1 7 o 18 60 18
Thermal-2 330 277 384 94 107 Thermal-2 8 o 18 46 18
BPSG-1 211 10 694 648 684 BPSG-1 218 20 387 4 367
BPSG-2 130 40 314 a7 274 BPSG-2 205 22 394 48 372
60
EXAMPLE 4 EXAMPLE 8
This Example 4 included running four wafers, 2 BPSG This Example 8 included running four wafers, 2 BPSG
and 2 thermal oxide. in the processing system and at the and 2 thermal oxide. in the processing system and at the
conditions described above, except that a 10 second pretreat 65 conditions described above, except that a 330 sccm HF flow

was performed rather than the 5 second pretreat. The results
are shown in the following Table 3.

was utilized rather than the 220 sccm fiow. The results are
shown in the following Table 7.
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TABLE 7
Wafer # mean min max std dev  range typical
Thermal-1 610 578 648 28 71 —
Thermal-2 671 624 722 37 98 —
BPSG-1 520 13 1800 90 1787 300
BPSG-2 513 6 1794 87 1788 260
EXAMPLE 9

This Example 9 included running four wafers. 2 BPSG
and 2 thermal oxide. in the processing system and at the
conditions described above. except that the etch was per-

formed for 3 seconds rather than 11 seconds. The results are
shown in the following Table 8.
TABLE 8
Wafer # mean min max std dev range
Thermal-1 6 0 26 78 20
Thermal-2 5 0 20 99 20
BPSG-1 177 31 349 40 318
BPSG-2 178 1 533 58 534
EXAMPLE 10

This Example 10 included running four wafers, 2 BPSG
and 2 thermal oxide, in the processing system and at the
conditions described above. except that the vapor chamber
was manually drained of the water/TM AH mixture and filled
with only deionized water. Eight dummy etch runs were then
performed after the drain and fill and then the four test
wafers were etched according to the conditions above with
only water in the vapor chamber. The results are shown in
the following Table 9.

TABLE 9
Wafer # mean min max std dev range
Thermal-1 478 440 529 3.6 89
Thermal-2 483 436 522 5 86
BPSG-1 343 1 1495 124 495
BPSG-2 219 2 784 87 782
EXAMPLE 11

This Example 11 included running four wafers, 2 BPSG
and 2 thermal oxide, in the processing system and at the
conditions described above, after the drain/fill as described
in Example 10 and further after the vapor chamber was
manually drained and filled 3 additional times and an
additional 8 dummy etch runs were performed prior to
etching the four test wafers according to the general condi-
tions described above and once again with only DI water in
the vapor chamber. The results are shown in the following
Table 10.

TABLE 10
Wafer # mean min max std dev range
Thermal-1 473 399 507 6.6 108
Thermal-2 478 414 523 52 98
BPSG-1 633 187 779 88 1761
BPSG-2 506 1 1799 97 1792

Conclusions extracted from the above data included that
a BPSG:thermal oxide etch selectivity ratio. based on the
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mean value, in the range of between about 0.5:1 and 1:1 can
be achieved with the use of TMAH in the HF vapor clean
(See Examples 1-4). Further. it is shown that worst case etch
selectivity ratio (maximum BPSG:minimum thermal oxide)
is in the range of about 1:1 to about 3:1 (See Examples 1-4).
It is also shown that an HF partial pressure controls the
maximum BPSG loss as is shown by the Example 7 which
showed the worst case selectivity. Example 9 suggests that
a longer etch period is necessary to achieve a lower etch
selectivity ratio. However. this is mainly caused by the delay
in the initiation of removal of native oxide as compared to
doped oxides which could be modified by providing addi-
tional heat up front and a water vapor sufficient to reduce the
etch selectivity ratio early in the etch. Lastly, it is suggested
by the data that native oxide can be stripped with 300 to 500
maximum of BPSG loss in an HF vapor including TMAH.
It is also apparent from the Examples 10 and 11, that very
little TMAH is necessary to reduce the BPSG:thermal oxide
etch selectivity as even after the drain and fill procedures
were performed, the etch selectivity ratio stayed less than
1.5:1 due to residual TMAH which was not completely
flushed from system. This reflects that a small amount of
TMAH remained in the vapor chamber and reduced the etch
selectivity.

In addition, the HF vapor system described can be used
with clusterbased tools and processes to provide in situ
cleaning which is integrated into a multi-purpose module for
use in the cluster tool. The use of an HF vapor clean with the
TMAH component would reduce the fast etching of depos-
ited or doped oxides relative to the etching of native oxide
which would benefit the HF vapor process when used in a
cluster tool.

Although the invention has been described with particular
reference to preferred embodiments thereof, variations and
modifications of the present invention can be made within a
contemplated scope of the following claims as is readily
known to one skilled in the art.

What is claimed is:

1. A method of cleaning wafer surfaces, the method
comprising the steps of:

providing a wafer surface; and

cleaning the wafer surface using a solution comprising at

least hydrofluoric acid (HF) and an etch reducing
component. the etch reducing component being from
the group of (R),NOH wherein R=(C,~-C,s)alkyls,
either straight or branch chained, and further wherein
each R is independently a (C,-C,g)alkyl.

2. The method according to claim 1, wherein R is pref-
erably a (C,~C,)alkyl.

3. The method according to claim 2, wherein the etch
reducing component is one of tetra ethyl ammonium hydrox-
ide (TEAH) and tetra methyl ammonium hydroxide
(TMAH).

4. The method according to claim 3, wherein the etch
reducing component is TMAH.

5. A method of cleaning wafer surfaces the method
comprising the steps of:

providing a wafer surface; and cleaning the wafer surface

using at least hydrofluoric acid (HF) and an etch
reducing component, wherein the etch reducing com-
ponent is TMAH, and further wherein the TMAH is in
an aqueous HF solution at a concentration in the range
of 0.1% to 25% by weight.

6. The method according to claim 5, wherein the aqueous
HF solution includes from 0.1% to 49% by weight of HF
therein and the TMAH in the solution is in the range of 0.1%
to 25% by weight.
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7. A method of cleaning wafer surfaces the method
comprising the steps of:

providing a wafer surface; and cleaning the wafer surface

using at least hydrofluoric acid (HF) and an etch
reducing component. the etch reducing component
being from the group of (R),NOH wherein R=(C,—C,,)
alkyls. either straight or branch chained. and further
wherein each R is independently a (C,~C,yalkyl.
wherein the wafer includes at least a first region and a
second region. the first region having native oxide on a
surface thereof; and further wherein the cleaning step
includes removing the native oxide from the surface of
the first region using an HF solution including the etch
reducing component therein, the etch reducing compo-
nent reducing the etch rate of the second region relative
to the etch rate of the second region using the HF
solution without the etch reducing component.

8. The method according to claim 7, wherein the etch
reducing component includes TMAH.

9. The method according to claim 7, wherein the etch
reducing component also reduces the rate of etching the
native oxide and further wherein the second region is a
doped oxide, the ratio of rate of etching of the doped oxide
to the rate of the etching of the native oxide being about 2:1
or less.

10. A method of cleaning wafer surfaces. the method
comprising the steps of:

providing a wafer surface; and cleaning the wafer surface

using at least hydrofluoric acid (HF) and an etch
reducing component. the etch reducing component
being from the group of (R),NOH wherein R=(C,-C,,)
alkyls, either straight or branch chained, and further
wherein each R is independently a (C,—C,)alkyl,
wherein the wafer includes at least a first region and a
second region, the first region having native oxide on a
surface thereof; and further wherein the cleaning step
includes removing the native oxide from the surface of
the first region using an HF vapor including the etch
reducing component therein, the etch reducing compo-
nent reducing the etch rate of the second region relative
to the etch rate of the second region using the HF vapor
without the etch reducing component.

11. The method according to claim 10. wherein the etch
reducing component includes TMAH.

12. The method according to claim 11, wherein the
concentration of TMAH in the HF vapor is greater than 0.01
ppm of the HF vapor.

13. The method according to claim 11. wherein the etch
reducing component also reduces the rate of etching the
native oxide and further wherein the second region is a
doped oxide, the ratio of the rate of etching of the doped
oxide to the rate of the etching of the native oxide being
about 2:1 or less.

14. The method according to claim 13, wherein the ratio
is less than 1:1 with more etching of the native oxide than
the second region.

15. The method according to claim 10, wherein the HF
vapor includes:

an inert carrier gas;

an HF component;

one of a water vapor and an alcohol vapor; and

the etch reducing component, the etch reducing compo-

nent including TMAH.

16. The method according to claim 1S, wherein the
TMAH in the HF vapor is greater than 0.01 ppm.

17. The method according to claim 16, wherein the
TMAH in the HF vapor is preferably in the range of about
1 ppm to about 500 ppm of the HF vapor.
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18. A cleaning solution for use in cleaning a wafer surface.
the cleaning solution comprising:

a H,0 diluted hydrofluoric acid (HF) solution; and

an etch reducing component, the etch reducing compo-
nent being from the group of (R),NOH wherein
R=(C,-C,o)alkyls. either straight or branch chained,
and further wherein each R is independently a (C,-C,)
alkyl.

19. The cleaning solution according to claim 18, wherein
R is preferably a (C,—C,jalkyl.

20. The cleaning solution according to claim 18, wherein
the etch reducing component is one of tetra ethyl ammonium
hydroxide (TEAH) and tetra methyl ammonium hydroxide
(TMAH).

21. The cleaning solution of claim 18. wherein the etch
reducing component is a quantity of TMAH in the range of
0.1% to 25% by weight of the HF solution.

22. The solution of claim 21, wherein the HF solution
includes from 0.1% to 25% by weight of HF in the HF
solution and the quantity of TMAH in the HF solution is in
the range of 0.3% to 20% by weight.

23. A cleaning solution for a semiconductor substrate
comprising a basic agueous solution containing hydrofluoric
acid (HF) and tetramethyl ammonium hydroxide (TMAH).

24. The cleaning solution according to claim 23. wherein
the HF contained in the aqueous solution is in the range of
0.1% to 49% by weight and the TMAH contained in the
aqueous solution is in the range of 0.1% to 25% by weight.

25. The cleaning solution according to claim 24, wherein
the HF contained in the aqueous solution is less than 25% by
weight.

26. The cleaning solution according to claim 24, wherein
the TMAH contained in the aqueous solution is less than
15% by weight.

27. A method for cleaning or surface treating a semicon-
ductor wafer, the method comprising the step of treating the
wafer with a solution containing hydrofluoric acid (HF) and
tetramethyl ammonium hydroxide (TMAH).

28. The cleaning method according to claim 27, wherein
the HF contained in the solution is in the range of 0.1% to
49% by weight and the TMAH contained in the solution is
in the range of 0.1% to 25% by weight.

29. The cleaning method according to claim 28, wherein
the HF contained in the solution is less than 25% by weight.

30. The cleaning method according to claim 28, wherein
the TMAH contained in the solution is less than 15% by
weight.

31. A vapor for use in cleaning a wafer surface, the vapor
comprising:

a hydrofluoric acid (HF) component;

one of a water vapor or an alcohol vapor; and

an etch reducing component, the etch reducing compo-

nent being from the group of (R),NOH wherein
R=(C,—-C,o)alkyls. either straight or branch chained,
and further wherein each R is independently a (C,—C,0)
alkyl.

32. The vapor according to claim 31, wherein R is
preferably a (C,—C,)alkyl.

33. The vapor according to claim 32, wherein the etch
reducing component is one of tetra ethyl ammonium hydrox-
ide (TEAH) and tetra methyl ammonium hydroxide
(TMAH).

34. The vapor according to claim 33, wherein the etch
reducing component is TMAH.
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35. The vapor according to claim 34, wherein the etch
reducing component is TMAH in an amount greater than
about 0.01 ppm of the HF vapor.

36. The vapor according to claim 35, wherein the TMAH
is in an amount in the range of 1 ppm to 500 ppm.

37. A method for cleaning or surface treating a semicon-
ductor wafer, the method comprising the step of treating the
wafer with an HF vapor containing hydrofluoric acid (HF)
and tetramethyl ammonium hydroxide (TMAH).

5
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38. The method according to claim 37, wherein the etch
reducing component is TMAH in an amount greater than
about 0.01 ppm of the HF vapor.
39. The method according to claim 38, wherein the
TMAH is in an amount in the range of 1 ppm to 500 ppm.
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